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Summary 
AIM OF THE STUDY: Increased rates of hospitalization due to cardiovascular events have 
been reported during phases of World Soccer Championships (WSC). The purpose of this 
pilot study was to explore acute psychological and physiological effects of watching a live 
broadcast soccer game during the WSC 2006.  
METHODS: Seven male supporters (age: M = 24; SD = 2.7) of the Swiss National Soccer 
Team watched a game of their team in a controlled laboratory setting. Heart rate (HR), heart 
rate variability (HRV), salivary cortisol, alpha-amylase (sAA), and testosterone 
concentrations, as well as several mood ratings were captured repeatedly before, during, and 
after the game.  
RESULTS: Subjects reported feeling stressed, and HR and sAA activity showed an increase 
during the game. In contrast, HRV, cortisol and testosterone were unaffected.  
CONCLUSIONS: Watching a sports competition seems to specifically affect the sympathetic 
nervous system, which can be measured by sensitive electrocardiographic and salivary 
markers. 
 
Keywords: stress, cortisol, alpha-amylase, heart rate, heart rate variability, watching 
sports competitions 
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Introduction  
While the psychological and physiological effects of playing soccer are fairly well 
understood, information on the effects of watching soccer is largely deduced from 
epidemiologic studies, which report inconsistent findings. Some studies revealed increases in 
myocardial infarctions during phases of championship tournaments1,2 or after single games3,4, 
suggesting sport events to be a potential risk factor. Other authors did not find this pattern5 or 
observed a decrease in deadly myocardial infarction after won games6. This leads to 
considerations about scoring-dependent reactions5,7 and salutogenic effects of vicarious 
wins6. More concrete support for the effects on spectators’ autonomic nervous system (ANS) 
has been derived from direct observations of sports events affecting cardiovascular activity in 
healthy subjects and cardiac patients8-12. With regard to the occasion of a soccer game, no 
data have yet been presented for heart rate variability (HRV) and salivary alpha-amylase 
(sAA), two further indicators of the ANS which have been repeatedly reported to alter in 
response to stressful stimuli13-17. High frequency power (HF) of HRV has been shown to 
indicate parasympathetic activation18, low frequency power (LF) has been proposed to reflect 
both parasympathetic and sympathetic activation16,18, and the ratio between LF and HF 
(LF/HF ratio) has been suggested to mirror sympathovagal balance19. sAA has been shown to 
increase with sympathetic activation and was proposed to be an even more sensitive indicator 
of stress than blood pressure or HR20. Several studies have been conducted to investigate the 
effects of attending sports events on cortisol. Cortisol is an endocrine indicator of the 
hypothalamic-pituitary-adrenal (HPA) axis and shows high reactivity to subjectively 
experienced stress21. Some studies on the cortisol response to attending sport events reported 
reductions or no alterations in cortisol22,23, while one study reported an increase in cortisol 
among soccer coaches24.  
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The purpose of the present study was to explore the physiological stress responses of 
watching a live televised soccer game. We expected to find stress-specific alterations for the 
markers of the ANS.  
Method 
Participants and Procedure 
Seven healthy male Caucasian students aged 21 to 29 (M = 24; SD = 2.7) agreed to 
participate in the study. Inclusion criteria were male sex and an age between 20 and 30 years, 
while exclusion criteria were smoking, self-reported acute or chronic mental or somatic 
disorders, and medication. Participants were recruited through flyers posted at the 
Universities of Zurich. All participants stated that they were fans of the Swiss National 
Soccer Team. They were advised to refrain from consuming alcohol and caffeine for 48 hours 
and to refrain from eating for two hours prior to the investigation. Furthermore, they were 
required not to physically exhaust themselves for 24 hours prior to the investigation. For their 
participation, subjects received 20 Swiss Francs and a meal once the soccer game had ended. 
All subjects signed informed consent forms. The study was conducted in agreement with the 
Declaration of Helsinki. 
Procedure 
Participants arrived two hours before kick-off at our laboratory. Immediate fitting of 
the ambulatory heart monitors allowed for a habituation period prior to the beginning of the 
study. We set the start of the observation time 30 minutes before kick-off (t-30). The soccer 
game commenced at 6:00 p.m. (t0) and ended goalless at 7:45 p.m. (t105). Measurement 
intervals for cardiac activity were set before the game (t-30, -2), during the first half of the 
game (t10, 22, 34), during the half-time break (t52), during the second half of the game (t70, 82, 94, 
103), and after the end of the game (t107, 120, 135). Time points for cortisol and sAA 
determination were set as follows: before onset of the game (t-30, -10), during the first half (t22), 
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during the half-time break (t46), during the second half (t82), and after the end of the game 
(t106, 135). Samples to determine testosterone were taken before onset of the game (t-30, -10), 
during the half-time break (t46), and after the end of the game (t106, 120, 135). Self-ratings of 
mood were measured before onset of the game (t-30, -10), during the first half (t11, 22, 34), during 
the half-time break (t46), during the second half (t71, 82, 94), and after the end of the game (t106, 
135). Figure 1 summarizes the scheduling of the study. 
Cardiac Activity 
Cardiac activity was measured using polar s810i devices (Polar, Finland). Inter-beat 
interval data were examined and edited manually to correct for ectopic beats and arrhythmias 
using MxEdit25. HR and HRV were analyzed for one-minute intervals. For HRV, high 
frequency (HF; 0.15-0.40 Hz) and low frequency (LF; 0.04-0.15 Hz) power was analyzed in 
accordance with the usual recommendations19.  
Biochemical Analysis 
We used Salivettes (Sarstedt, Sevelen, Switzerland) for the determination of cortisol 
and sAA, and Salicaps (Immuno-Biological Laboratories, Hamburg, Germany) for the 
determination of testosterone. Salivettes were gently chewed for one minute. After collection, 
saliva samples were stored at -20 °C until assayed for concentration of cortisol, sAA, and 
testosterone according to standardized procedures16,26. 
Self-Ratings 
To measure mood alterations during the examination, subjects were asked to rate how 
stressed they felt and how much they perceived bodily arousal. Answers were provided on 
visual analogue scales (VAS) ranging from 0 (not at all) to 100 (very much). 
Statistical Analysis 
We used SPSS 18 for Windows (SPSS Inc., Chicago, IL). Aggregated values were 
defined for pre-, peri-, and post-game episodes. Episode aggregation was not undertaken for 
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cortisol and testosterone since their reactions to stressors are known to be time-lagged. To 
analyze stress effects, ANOVAs for repeated measures were conducted using the corrected 
test statistic by Greenhouse-Geisser. The p-level was set at 0.05. Post hoc examination was 
conducted using the adjusted test statistic by Bonferroni.  
Results 
Cardiac Activity 
HR altered significantly over time, F(1.79,10.74) = 4.47, p = .042. No significant 
effects were observed on HF, F(1.21,7.24) = 2.475, p = .16, LF, F(1.18,7.12) = 1.18, p = .33, 
and the LF/HF ratio, F(1.46,8.73) = .471, p = .58. 
Biochemical Analysis 
Concentrations of sAA altered over time, F(1.31, 7.88) = 9.38, p = .012. This was due 
to higher peri-game values than post-game values, t = 3.42, p = .043, and there was a trend 
for the former to be higher than pre-game concentrations, t = 2.84, p = .09 (see Figure 2).  No 
significant effect of time was shown for salivary concentrations of cortisol, F(2.63,15.78) = 
1.71, p = .21, and testosterone, F(2.69,9.79) = 2.69, p = .12.  
Self-Reports 
There was a trend effect for time on perceived stress, F(1.28,7.70) = 4.49, p = .06. 
Post hoc analysis showed that this was due to the trend for increased values during the game 
compared to post-game values, t = 2.75, p = .099. Furthermore, time affected the perception 
of bodily arousal, F(1.92,11.52) = 6.08, p = .02, with values during the game being elevated 
compared to post-game values, t = 3.45, p = .04. 
Discussion 
HR and sAA activity were significantly increased in response to the game, while HF, 
LF, the LF/HF ratio, cortisol, and testosterone were unaffected. The game affected perceived 
bodily arousal, and there was a trend for perceived stress. Peak elevations in both variables 
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during the two halves of the game indicate that subjects were emotionally captured by the 
game’s action.  
HR steadily increased during the game and reached a peak two minutes before the 
final whistle. These results replicate findings, which reported continually increasing HR 
during pulsating games12.  
The time course for both HF and LF revealed a pattern of alterations in the expected 
direction, but the observed changes did not reach statistical significance. While HF power 
constitutes an index of parasympathetic activity, LF power is influenced by both branches of 
the ANS. Therefore, together with the finding regarding the HR, it seems that watching the 
match did not affect parasympathetic activity, but rather sympathetic activity. 
This is also supported by the significant increase of sAA during the match. The 
courses of sAA levels paralleled courses of self-reports on stress and bodily arousal, 
supporting the notion of sAA, an index of SNS activity, being a sensitive indicator of 
psychological stress20.  
The game halves did not impact on cortisol levels. The finding that the course of 
cortisol did not change significantly over time supports earlier reports22,23. Significant 
increases in cortisol found among soccer coaches24 might possibly be explained by coaches’ 
higher ego involvement.  
The course of testosterone was not affected by the game. The goalless draw did not 
enable the testing of potential changes in testosterone after goal-scoring or winning or losing 
the game, respectively, as have been reported elsewhere27.  
To our knowledge, this is the first study to explore the responsiveness of HRV and 
sAA to stress deployed by attending a soccer game. Our observation of similarities between 
the courses of sAA, HF and LF and the self-reported mood variables is of interest regarding 
the search for fast-reacting biological parameters, which can be used to measure and assess 
AUTONOMIC STRESS RESPONSES TO A SOCCER BROADCAST 8 
 
the subjective experience of stress on the biological level without long latency periods. The 
inclusion of multiple measurements with relatively short intervals has proved promising and 
should be considered in future studies. A limitation of the study is its low sample size, which 
should be rectified in future investigations. Furthermore, this study did not include a control 
condition in order to examine whether the lack of significance of physiological responses was 
due to delayed endocrine responses, or to counterbalancing circadian rhythms or attentional 
changes. 
The finding of altered sAA activity, besides HR alterations, underlines the primary 
involvement of the sympathetic nervous system in sports event attendance as being a risk 
factor for the occurrence of adverse cardiovascular events. At the same time, HRV data from 
our pilot study seem to suggest a lesser importance of the parasympathetic nervous system in 
these events. Similarly, watching soccer did not affect concentrations of cortisol and 
testosterone. Further research is required to reinforce the findings of this pilot study.  
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Figure 1. Schematic illustration of the study’s course 
 
 
 
 
 
 
 
 
 
 
  Figure 1. Shaded rectangles indicate halftimes. Symbols represent collection points for the corresponding variables.  
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Figure 2. Course of mean alpha-amylase concentration 
 
Figure 2. Course of mean alpha-amylase concentration. Error bars represent standard 
deviations. Shaded areas indicate the two game halves. 
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